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ABSTRACT  AMD  SWfjAtT 


Techniques  and  castable  formulations  ware  davalopad  that  product 
luminous  afficlancias  between  42,000  and  43,000  candle  -seconds/ 
gram)  no  diamtar  affect  waa  apparent  In  the  rang*  of  1.5  to  4.93 
Inches.  The  early  experimental  effort  on  the  use  of  compounded 
polyesters  and  urethanes  was  discontinued  in  favor  of  the  uae  of 
glycldyl  methacrylate  and  similar  vinyl  monomers.  This  class  of 
monomer  gives  the  desired  solvation  of  the  perchlorate  (with  con¬ 
comitant  Increase  in  viscosity  of  the  binder  for  improved  partide 
vetting)  and  a  controlled  exotherm  in  large  diameter  castings. 

Pinal  physical  properties  are  attained  after  24-hour  post-cure. 

The  use  of  sodium  perchlorate  in  lieu  of  the  Insoluble  sodium 
nitrate  yielded  a  casting  slurry  of  lover  vircosity  at  constant 
binder  percentage;  the  use  of  sodium  nitrate  was  therefore  discon¬ 
tinued.  The  use  of  a  trlmodal  distribution  of  magnesium  improved 
casting  ease  at  the  15  percent  binder  level. 

Early  program  effort  concentrated  on  the  use  of  kraft  paper  cases 
in  order  to  simulate  standard  flare  hardware.  The  recognised  "tunnel 
effect"  reduced  the  luminance  values  obtained  and  masked  differences 
attributable  to  the  binder  type  and  content.  Composition  efficiencies 
were  then  obtained  on  free  standing  grains,  displacement  cast  and  the 
cylindrical  surfaces  inhibited.  The  program  has  demonstrated  the 
feasibility  of  cast  illuminating  flares  based  on  comswrclal  materials. 
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Previous  experimentation  on  east  illuminating  flaree  has  cents rsd 
on  two  techniques:  the  incorporation  of  an  increased  percentage 
of  binder  in  the  magnesium-sodium  nitrate  system  to  impart  enough 
fluidity  for  casting  followed  by  a  cure  or  polymerisation  to  a 
solid  grain,  or  the  use  of  mixed  ox  Id  Iter  salts,  such  as  sodium 
and  calcium  nitrates,  to  form  a  eutectic  mixture  of  melting  point 
low  enough  for  hot  pouring  followed  by  cooling  to  a  solid  column. 

The  efficiency  of  the  former  system  is  significantly  lower  due  to 
the  additional  binder;  the  safety  and  case  of  fabrication  of  the 
latter  system  is  not  completely  satisfactory.  The  pyrotechnic  lab¬ 
oratory  at  Picatlnny  Arsenal  established  a  number  of  years  ego  that 
there  is  a  simple  linear  relationship  between  the  decrease  in  lum¬ 
inous  efficiency  and  the  percentage  Lamlnac-Luperaol  binder  in  the 
pressed  system.  The  percentage  of  bindor  la  now  generally  held  to 
th«  minimum  neceseary  for  adequate  compressive  strength  for  this 
reason.  This  lose  is  the  direct  result  of  increased  radiation  in 
the  infrared,  organic  binders  being  oxidised  to  water  vapor  and 
carbon  dioxide  which  are  strong  emitters  at  1.8,  2.7  and  4.3  microns. 

The  decrease  in  flame  temperature  due  to  this  Increased  radiant  heat 
loss  shifts  the  radiation  spectrum  to  shorter  wavelengths  and  de¬ 
creases  surkedly  emlttance  in  the  visible. 

The  amount  of  binder  necessary  to  impart  sufficient  fluidity  for  casting 
is  on  the  order  of  12  to  15  percent  with  a  greater  concomitant  in¬ 
crease  in  the  loss  of  luminous  efficiency.  An  improvement  in  the 
solids  loading  (solids  loading  being  the  ratio  of  total  solids,  both 
fuel  and  oxldiser,  to  the  total  mass  of  liquid) will  improve  luminous 
efficiency.  Our  experimental  effort  has  been  concentrated  on  the 
technique  of  the  use  of  soluble  inorganic  perchlorate  oxldisere  in 
place  of  the  solid  nitrate  oxldlxers  employed  in  the  pressed  system. 

The  use  of  soluble  oxldisere  allows  a  lower  percentage  of  b'nder  to 
yield  a  unit  of  luminous  efficiency  comparable  to  the  magnesium-eodlum 
nitrate  pressed  system.  The  composition  49  percent  atomised  magnesium, 
38  percent  eodlum  perchlorate  dissolved  in  12  percent  diethylene  giycol, 
and  3  percent  carbon  black  gallant  is  a  thixotropic  fluid.  Combustion 
of  this  liquid  composition  In  a  simple  end-burning  configuration  in  a 
plastic  case  .^ve  a  luminous  efficiency  of  40,000  candle -eeconds/gram. 
The  liquid  visual  flare  system  may  be  polymerised  to  a  solid  cast  grain 
by  reaction  of  the  polyfunctional  alcohol  with  diisocyanates  to  yield 
in  situ  a  polyurethane  binder.  Polyesters  represent  another  class  of 
monomer  candidate;  the  reported  solubility  of  Inorganic  perchlorate  in 
low  molecular  weight  esters  indicates  that  acrylic  and  nethacrylic  ester 
monomers  are  logical  candidates. 
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POLTIITII  lIHPEi  SYSTEMS 

An  exaalnatlon  of  the  literature  on  available  unsaturated  polyester 
systens,  auch  at  the  coanonly  enployed  "Lanlnac  41 16",  a  hows  that 
thsy  ara  solution*  of  high  nolecular  walght  condanaatlon  products  of 
dibasic  acids  and  blfunctlonal  alcohols  In  a  solventAwnonar  which 
Is  usually  •  tyrant  for  reasons  of  econony.  Twalva  to  IS  parcant 
a  tyrant  la  required  for  cross-linking  all  polyester  double  bonda  but 
awounta  up  to  SO  parcant  ara  added  to  incraaaa  tha  flexibility  and  Im¬ 
pact  maiatanca  of  tha  cured  main.  This  percentage  of  added  hydro¬ 
carbon,  however,  decreases  anrltedly  the  solubility  of  inorganic  salts 
In  the  resin.  Only  silver  psrchlorate  has  appreciable  solubility  in 
hydrocarbon  solvents  with  greatest  solubilities  in  aronatic  solvents 
such  as  toluene  and  bansene  (undoubtedly  alao  styrene  which  is  vlnyl- 
bensene).  Hoards  associated  with  the  handling  of  anhydrous  silver 
perchlorate  and  the  raw  naterial  cost  preclude  its  use  as  a  soluble 
oxldiaer.  Tha  solubility  of  ether  Inorganic  perchlorates  is  dependent 
on  the  oxygen  content  of  the  organic  solvent  and  the  types  of  functional 
groups  represented.  The  usual  order  or  solvent  power  is  hydroxyl  > 
carbonyl  >  ether. 


2 


Solubilities  of  Inorganic  Perchlorates ,  Graas/100  Grams  Solvent,  25°C 


Cation 

Ethylene 

Glycol 

Ethyl 

Alcohol 

Acetone 

Ethyl 

Acetate 

Ethyl 

Ether 

Sodium 

93.5 

lb. 71 

31.75 

9.63 

Insol. 

ttognealum 

23.96 

42,89 

70.91 

0.29 

Strontium 

ISO. 66 

130.06 

136.93 

Insol . 

larlum 

12b. 62 

124.67 

112.93 

Insol. 

Lithium 

151.76 

136.52 

93.12 

113.72 

The  raw  polyester  syrup  or  solid  polymer  not  admixed  with  styrene  is 
tho  product  of  s  condensation  reaction  between  acids  and  alcohols; 
the  cross-1  inking  agent  nay  be  chosen  froe  the  following  oxygen-contain¬ 
ing  no  noners:  allyl  alcohol,  nethyl  acrylate,  nethyl  nethacrylate,  vinyl 
acetate,  ethyl  acrylate,  and  ethyl  nethacrylate.  Specialty  polyester  re¬ 
sins  based  on  eonponents  having  large  percentages  of  bound  oxygen  and 
good  solvent  action  for  inorganic  perchlorates  nay  be  prepared  by  lab¬ 
oratory  eonb  last  Iona  of  these  monomers;  all  laboratory  efforts  were  based 
on  oonnerelally  available  starting  naterlala  so  that  the  results  of  this 
effort  will  be  directly  useable  in  large-scale  production.  The  binder 
studies  were  Halted  to  those  with  aaxlaua  oxygen  content. 

A  literature  survey  was  conducted  to  deterulne  the  types  of  polyester  re¬ 
sins  available.  Manufacturers  of  basic  polyester  resins  were  contacted; 
however,  the  aajorlty  of  replies  received  indicated  that  the  commercially 
available  polyester  foraulatlons  contained  either  styrene  or  vinyl  toluene 
and  were  therefore  unsuitable  for  use  as  a  flare  binder  material.  One 
basic  polyester  resin,  Aropol  7200,  was  acquired  for  initial  investigation. 
Several  commercially  available  basic  eououers  were  selected  to  study  their 
compatibility  with  Aropol  7200.  Among  these  found  compatible  were  methyl 
methacrylate  (MsMa),  methyl  acrylate  (MmA) ,  and  2-hydroxyethyl  methacrylate 
(2-HSMa),  which  offered  an  hydroxyl  group  to  aid  In  diasolvlng  partially 
or  entirely  oxldlsere  such  as  sodium  perchlorate,  increasing  the  solids 
to  binder  loading  ratio.  A  formulation  containing  approximately  20  percent 
binder  (2  percent  Aropol  7200  and  IS  peroent  MsMa)  and  equal  parts  of 
oxidizer  and  fuel  was  blended.  Visual  Inspection  of  the  mixture  revealed 
that  the  Mndar  failed  to  polymerise  completely  and  that  the  resultant  mix¬ 
ture  waa  a  cruably  agglomerate  of  fuel  and  oxidlser.  Apparently  most  the 
methyl  methacrylate  monomer,  having  a  low  vapor  pressure,  vaporised  during 
the  polymerisation  exotherm.  Since  difficulty  wes  encountered  in  utilising 
only  MeMa  as  t  binder  material,  grains  wars  fabricated  using  2-HEMa  with  a 
small  amount  of  MsMa  to  reduce  viscosity  and  Increase  wetting  of  solid 
particles.  The  technique  employed  was  to  add  the  oxidlser  (ItaClOq)  incre¬ 
mentally  tr  the  liquid  monomer  to  dissolve  as  much  of  the  oxidlser  in  the 
monomer  as  possible.  As  the  oxidlser  dissolved  in  the  sx>nomer,  the  solution 
Increased  in  viscosity  until  finally  (after  all  the  oxidlser  was  added)  a 
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heavy  pant*  formed.  MaNa  wai  added  to  reduce  viscosity  to  faellltata 
the  addition  of  tha  solid  magnesium  foal.  Oralna  to  ba  taatad  vara 
east  in  papar  tuba  flara  caaaa  approximately  l.S  Inehaa  t.D.  tad  2.5 
lnchaa  long.  To  pravant  poo  tibia  flash-by  and  to  obtain  adhialon  of 
tha  blndar  aatarial  to  tha  walla  of  tha  flara  cat  a,  all  caaaa  wars 
llnad  with  a  polyester  baaa  llnar  notarial,  similar  to  tha  Laminae 
linar  now  currently  uaad  in  certain  preaaad  flara  ayatana.  Xntanaity 
measurement  ware  mads  with  Edgerton,  Oerdethausen  k  Orlar  Kad  loam  tar 
System,  Modal  580,  with  apactral  raapona*  in  tha  550  and  550  milll- 
nlcron  wavelength  ranga.  Tha  taat  raaulta  of  thaaa  grains  (as  re¬ 
ported  under  C7F-3)  snow  a  low  radiant  intanalty  of  20,200  candle- 
aaconda/graa.  Tha  blndar  content  of  thia  grain  was  25  percent;  a 
further  reduction  in  binder  content  will  lncreaae  tha  radiant  intanalty. 

AOtYLIC  ESTER  BIHDCT  SYSTEMS 

Further  analysis  of  2-hydroxyathyl  aathacrylata  as  a  blndar  material 
was  undartaksn  baaed  on  tha  solubility  of  nodiurn  perchlorate  la  thia 
monomer  and  the  observed  oxidlser  partiala  wetting.  Tha  uaa  of  poly¬ 
ester  resins  was  temporarily  diicontlnued  in  order  to  concentrate 
i ’forts  on  the  development  of  cast  systems  incorporating  minimum 
binder.  In  attempts  to  cast  grains  of  lower  binder  content,  difficulty 
waa  encountered  due  to  a  spontaneous  binder  material  polymerisation 
reaction.  Experiments  ware  conducted  to  verify  tha  causa  of  thia  be¬ 
havior.  A  sample  prepared  by  adding  atomised  nagnealua  to  a  binder 
sample,  2-HEMa,  reacted  to  the  gel  atage  almost  immediately  and  produced  a 
hard  porous  polymer  within  30  minutes.  Atomised  aluminum  powder  gave 
no  reaction  under  identical  conditions.  It  was  then  concluded  that 
the  magnesium  was  responsible  for  spontaneous  monomer  polymerisation  and 
not  perchlorate;  a  behavior  in  contrast  to  tha  action  of  strontium  par- 
chlorate  in  activating  the  polymerisation  of  methyl  methacrylate.  The 
exact  mechanise  j»ff  the  reaction  was  not  known  but  it  was  believed  that 
the  methecryllc  acid,  present  in  the  monomer  about  3  percent,  reacted 
with  the  magnesium  to  initiate  the  polymerisation  reaction.  Magma  alum 
and  other  monomers  not  ci  staining  nethacryllc  acid  failed  to  shorn  sigma 
of  reaction.  By  working  rapidly,  without  adding  catalyst  to  the  binder 
monomer,  grains  ware  cast  using  13  to  17  percent  binder.  Tha  taehmlgue 
employed  was  to  add  the  perchlorate  to  tha  blndar,  followed  isnmdlataly 
by  tha  magnesium  with  rapid  mixing  and  immediate  cast  lag  lftto  tha  flare 
cases.  The  flare  composition  cured  in  about  tan  minutes.  These  flares 
were  test  tired  and  relative  luminous  efficiencies  were  recorded.  Tha 
luminous  efficiency  for  tha  17  percent  binder  grain  was  33,600  candle- 
seconde/gran  and  the  13  percent  binder  grain  was  81,600  candle -aeoonds/ 
gram  (CVF-10  and  CVF-11). 

In  attempts  to  cast  flares  using  dimethylanlnoethyl  methacrylate,  dif¬ 
ficulty  was  encountered  in  initiating  the  polymerisation  reaction  by 
peroxide  catalysts,  although  it  has  been  reported  that  polymerisation 
has  Uen  achieved  through  the  use  of  these  catalysts.  The  recommended 


catalyst*  art  aao  compound*  which  art  not  affected  by  the  monomer 
tartlaty  aalna  group;  non*  wart  available  at  th*  time  the  flares 
were  fabricated.  Attempts  to  cast  grains  utlllelng  dlmethylamlno- 
•thyl  methacrylate  were  suspended  until  suitable  polymerization 
catalysts  wars  obtained;  the  Solvation  of  perchlorates  by  amino 
groups  makes  this  class  of  binder  attractive. 

Glycldyl  acrylate  (37. S  percent  oxygen)  aed  glycldyl  methacrylate 
(33.7  percent  oxygen)  appear  to  dissolve  more  aodlue  perchlorate 
than  2-hydroxyethyl  methacrylate  (37.0  percent  oxygen).  Greater 
fluidity  was  observed  for  compositions  prepared  with  glycldyl  meth¬ 
acrylate  facilitating  casting.  No  reaction  with  atomized  magnesium 
was  observed  with  this  binder  system  and  the  polymerization  la 
easily  controlled  with  the  usual  catalysts  and  promoters.  In 
accordance  with  discussions  with  the  Program  Manager,  Mr.  Bernard 
Douda,  effort  was  concentrated  on  the  development  of  a  binder  system 
suitable  for  controlled  production  batch  mixing  and  casting  at  NAD 
crane  for  larger  scale  testing. 

The  effect  of  binder  percentage  and  type  In  cast  flare  compositions 
was  Investigated  In  order  to  correlate  binder  percentage  and  luminous 
efficiency.  Lower  binder  percentages  yield  higher  luminous  efficiencies 
for  all  composition*;  the  accompanying  graph  shows  the  relationship 
for  grains  cast  In  paper  cases.  On  the  basis  of  later  experimental 
effort  on  aluminum-cased  and  free-standing  grains  In  the  range  of 
binder  percentage  between  15  and  20  percent,  the  estimated  Intrinsic 
luminous  efficiency  is  Indicated.  In  the  case  of  2-hydroxyethyl  methacrylate 
( 2-KEMa) ,  15  percent  was  the  lowest  binder  concentration  that  could  be 
Incorporated  in  the  magnesium-NafUOt)  composition  and  still  maintain 
grain  Integrity.  Glycldyl  methacrylate  permitted  a  minimum  of  10  per¬ 
cent  binder  while  maintaining  grain  integrity. 

Compositions  containing  LldO^  and  NaClO^  In  equal  proportions  exhi¬ 
bited  lower  luminous  efficiencies  than  one  component  oxidizer  2-HEMa 
binder  compositions.  The  decreased  free  sodium  concentration  in  the 
flare  plums  offset  the  Increased  composition  oxygen  percentage.  In  an 
attempt  to  Incorporate  MglClOglj  Into  cast  compositions,  the  mixture 
Ignited  whan  Mg(C104)2  was  added  to  glycldyl  methacrylate  (no  magnesium 
was  present).  The  reaction  between  Mg'  1104)2  was  glycldyl  methacrylate 
or  glycldyl  acrylate  is  apparently  hypergollc,  the  acrylate  being  more 
reactive  than  the  methacrylate.  Th*  following  graph  summarizes  the 
effect  of  the  oxidlser/fuel  ratio  for  paper-cased  compositions.  Com¬ 
positions  outside  a  narrow  range  exhibited  sharply  lower  values  of 
luminous  efficiency.  Using  15  percent  2-HEMa  in  the  magneslum/haC104 
reaction  system,  flares  were  fabricated  and  tested.  The  results  are 
plotted  as  an  almost  syeamtrical  curve  about  the  42.5  percent  axis 
(oxidlzer/fuel  ratio  of  1:1).  It  Is  apparent  that  the  luminous  effi¬ 
ciencies  of  Mg/NaC104  compositions  are  more  sensitive  to  reaction 
stoichiometry  than  pressed  magnesiua/NaNO^  compositions. 


& 


Htiinii' 

MSifflJl 


MRiiimii 


Kff«ot  Of  Bister  hrnatep  Ooncast ratio* 

On  Ualsott*  tfflelMcy  Of  Caet  Visual  Flats* 


<4 

i! 

20  • 

h\ 

Glyeldyl  acrylate  compos It  Iona  produced  luminous  efficiencies 
coxprrable  to  glyeldyl  methacrylate  compositions  for  idantlcal 
binder  percentages.  Ethylene  dlnethacrylete  (32.3  percent 
oxygen)  compositions  yielded  a  luailnoua  efficiency  comparable 
to  that  produced  by  other  IS  percent  binder  systems.  Highly- 
oxygenated  binders  produce  equivalent  valuea  of  luminous  effi¬ 
ciency:  procujalng  character let ica  determine  the  utility  of  the 
blndtr  ayatee.  Polymerisation  of  theae  eonoeer  ayatena  waa 
effected  by  dissolving  l  percent  benaoyl  peroxide  in  the  monomer. 

A  room- temperature  curing  agent,  R,R  Dimethyl  p-toluldine  or 
Promoter  402  (American  Cyanar.id),  wee  uaed  in  the  amount  ol  60 
tig  per  100  gramu  of  composition  to  accelerate  polymerisation. 

To  inaure  complete  polymerisation,  the  graina  were  subjected  to  a 
post  euro  temperature  of  75°C  for  24  hours,  minimum,  before  test¬ 
ing. 

To  compare  the  relative  effects  of  sodium  nitrate  and  sodium 
perchlorate  at  rr’disers  on  the  luminous  efficiency  of  visual 
flare  compositions,  two  graina  were  cast  under  identical  conditions, 
l.e.,  1S.0  percent  binder  and  an  0/P  ratio  of  1:1.  Since  sodium 
perchlorate  partially  die  solved  in  the  binder,  glycidyl  methacry¬ 
late,  the  resulting  composition  was  'Vetter"  in  the  unpolymerised 
state  tha«'»  the  composition  prepared  using  sodium  nitrate.  Sodium 
nitrate,  being  relatively  insoluble  in  typical  binder  monomers, 
posed  problems  of  producing  a  slurry  sufficiently  wet  to  facilitate 
casting.  In  addition,  the  sodium  nitrate  formulation,  not  pro¬ 
ducing  a  viscous  monomer  due  to  the  Insolubility  of  the  nitrate  in 
the  monomer,  presented  additional  problems  of  the  monomer  separat¬ 
ing  from  the  solids.  Hance,  in  a  grain  cast  upright,  the  lower 
portion  would  have  a  tendency  to  be  monomer -rich.  A  somewhat  simi¬ 
lar  problem  was  posed  by  sodium  perchlorate  with  low-viscosity  bin¬ 
ders  but  not  *9  ext—ime  as  in  the  case  of  sodium  nit r ate.  The 
luminous  efficiencies  of  sodium  perchlorate  and  sodium  nitrate  flare 
grains  were  identical  within  the  limits  of  experimental  error. 

In  orde*v  .to  measure  the  luminous  efficienciss  as  closely  as  possible 
to  tht*  intrinsic  value  for  each  composition,  an  attempt  was  made  to 
cast  grains  free  from  the  case  effect  (or  "chimney  effect")  which 
seemed  inherent  in  earlier  units  which  were  cast  in  paper  cases.  One 
method  is  to  produce  free-standing  grains  by  displacement  casting 
Whether  the  units  cast  in  paper  cases  performed  as  well  as  those  cast 
as  free-standing  graina  was  investigated.  One  set  of  flares,  CVF-79A 
to  CVP-79D,  was  cast  as  free-standing  grains,  inhibited  with  two  thin 
coats  of  a  polyester  along  the  surfaces  ordinarily  inhibited  by  the 
paper  case.  Another  identical  set  was  cast  in  paper  cases,  CVP-8GA 
to  CVP-80D.  As  shown  in  the  Appendix,  the  free -standing  grains  clearly 
produced  higher  luminous  efficiencies.  In  addition,  intensity-time 
traces  of  the  free-standing  grains  revealed  a  more  uniform  and  consis¬ 
tent  performance  in  contrast  to  those  grains  cast  in  paper  cases. 
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In  order  to  establish  a  final  formulation  for  recoaaendation  to 
the  sponsoring  agency,  1500-gram  flare  grains  were  cast  and 
tested  to  determine  the  effect  of  increased  burning  surface  area. 
Compositions  previously  tested  were  evaluated  on  the  basis  of  a 
1.5  inch  burn  surface  diameter.  Experimental  flare  C4P-89,  con¬ 
taining  16  percent  binder,  was  displacement  cast  and  inhibited  with  a 
laminating  polyester  resin  along  the  surfaces  ordinarily  inhibited 
by  the  case.  The  diameter  of  the  grain  was  approximately  4.75  inches 
and  the  grain  height  was  approximately  3.5  inches;  the  bum  time  of 
the  grain  was  41.0  seconds  (burn  rate  of  .085  ln/sec)  and  the  luminoue 
efficiency  measured  was  41,200  candlc-seconds/gram.  The  luminous 
efficiency  of  this  larger  grain  is  equal  to  the  efficiencies  produced 
by  the  smaller,  1.5  inch  diameter  grains.  As  indicated  in  the  appen¬ 
dix,  a  trimodal  distribution  of  magnesium  powder  was  utilised  in  the 
fabrication  of  experimental  flare  CVF-89.  Since  sodium  psrchlorate 
is  slightly  soluble  in  the  binder  material,  no  attempt  was  mada  to 
vvlllze  a  mixed  particle  else  distribution  of  oxldlser.  The  smaller 
diameter  grains  tested  early  in  the  program  contained  either  a  single 
particle  size  of  magnesium  ( CVP-7P  contained  22  jt  magnesium  only)  or 
a  b modal  distribution  of  magnesium  (CVF-73  contained  both  22  p  and 
125  p  magnesium).  A  mixed  particle  fuel  composition  did  not  seam  to 
arfect  the  luminous  efficiency;  therefore,  a  trimodal  distribution 
of  magnesium  (22  m  ,  125  p  ,  and  200  p  )  was  Incorporated  to  facil¬ 
itate  blending  and  casting.  Another  unit,  CVF-90  was  cast  incorporat¬ 
ing  magnesium  powder  conforming  tc  Specification  JAN  382,  Type  III. 

The  luminous  efficiency  calculated  from  the  intent ity-time  trace  was 
25,800,  the  low  value  due  to  partial  smoke  obscuration;  a  value  of 
39,000  candle-seconds/gram  was  estimated  for  this  grain. 

MISCELLANEOUS  BINDER  SYSTEMS 

A  1500-gram  grain  Incorporating  a  fluoroheptyl  methacrylate  binder 
wea  cast  with  some  difficulty  due  to  the  insolubility  of  sodium  per¬ 
chlorate  in  the  binder.  No  luminous  efficiency  calculations  ware  mada 
for  this  grain  due  to  complete  smoke  obscuration.  It  appeared  that 
this  particular  composition  produced  excessive  smoke  in  comparison  to 
the  compositions  based  on  the  oxygenated  acrylic  esters.  An  attempt 
was  made  to  cast  flares  using  a  commercial  urethane  binder,  Coast  Pro- 
Seal  796-80.  Difficulty  was  encountered  in  diapers  leg  the  perchlorate 
and  the  magnesium  uniformly  in  the  binder  due  to  its  high  viscosity 
(greater  than  10,000  cps).  Binder  percentages  lower  than  18  percent 
were  not  feasible.  The  in  situ  reaction  of  tolylene  di-isocyanate 
with  diethylene  glycol  or  low  molecular  weight  polyethylene  glycols 
also  gave  viscous  binder  solutions.  Fifteen  percent  Oners)  Electric 
Silicone  RTV-8111  as  e  binder  gave  a  composition  that  resembled  the 
glycldyl  methacrylate-sodium  nitrate  formulations  in  that  the  solids 
were  not  sufficiently  wetted  by  the  binder  to  facilitate  casting.  The 
luminous  efficiency  of  this  composition  fell  into  the  earns  range  as 
the  other  15  percent  binder  cosmos  it  ions.  From  the  standpoint  of  cast¬ 
ing  ease  the  glycldyl  methacry lata/sodium  perchlorate  composition  is 
superior  and  the  Silicone  R  TV/s  odium  perchlorate  and  glycldyl  mathacry- 
late/sodium  nitrate  systems  ere  about  aqual. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


Castable  illuminating  compositions  hsvs  been  developed  and 
demonstrated  with  efficiencies  between  40,000  and  45,000 
candle-seccnds/gram  based  on  the  use  of  a  number  of  highly 
oxygenated  monomers.  It  is  recoanended  that  more  endothermic 
binder A»°nomer  systems  be  investigated,  i.e.,  those  containing 
either  nitro  -  or  dif luoroamino  -  functional  groups.  The  limit¬ 
ation  on  the  solids  loading  thAt  can  be  achieved  with  any  bin¬ 
der  system  and  blending  and  fill  technique  suggests  that  the 
use  of  an  oxldiser/blnder  is  necessary  for  increased  efficiency 
in  cast  systems. 

Throughout  the  entire  research  program,  no  attempt  was  made  to 
cast  grains  using  vacuum  techniques.  The  brevity  of  time  plus 
the  emphasis  on  binder  systems  precluded  the  study  of  utilizing 
vacuum  techniques  either  before  or  during  casting  of  flare  com¬ 
positions.  It  is  believed  that  the  application  of  vacuum  to  the 
composition  either  before  or  during  casting  will  result  in  better 
physical  properties  and  higher  luminance  values.  A  study  of  the 
advantages  or  disadvantages  of  utilizing  vacuum  casting  seems 
desirable.  In  an  attempt  to  derive  intrinsic  luminous  efficiency 
values  of  the  cast  compositions  invr stigated,  some  effort  was 
expended  in  avoiding  cast  effects.  The  methodology  employed  in 
developing  cast  flare  grains  creates  possible  areas  of  study 
associated  with  flare  case  design  hitherto  restricted  by  the  press¬ 
ed  grain  systems. 
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APPENDIX 


CVF-3 


Luminous  Efficiency 


2-Hydroxyethyl  Methacrylate 

17.00  percent 

20,200  candle •seconds/graa 

Aropol  7200 

3.40 

Methyl  Methacrylate 

4.75 

tfaCl  O4 

40.80 

Chaff  (Al) 

.30 

Magnesium 

34.00 

CVF-73 

Slycidyl  Methacrylate 

10.0  percent 

A  -  25,000  candle -eeconds/gram 

Sodium  Perchlorate 

45,0 

8  -  21,400 

Magnesium  22  * 

22.5 

C  -  28,800 

Magnesium  125  * 

22.5 

D  -  31,300 

g  -  28,000 

CVF-79 

Slycidyl  Methacrylate 

15.0  percent 

A  -  37,600*  Candle -seconds/gran 

Sodium  Perchlorate 

42.5 

8  -  41,600 

Magnes lum  22  * 

42.5 

C  -  34,600 

D  -  22,600* 

CVP-80 

Slycidyl  Methacrylate 

15.0  percent 

A  -  31,800  candle>seccnds/gram 

Sodium  Perchlorate 

42.5 

B  -  29,350 

Magnesium  22  * 

42.5 

C  -  29,790 

D  -  26,040 


CVF-89 


Slycidyl  Methacrylate  16.0 
Sodium  Perchlorate  (over  200  meeh)  42.0 
Magnesium  22  p  (MIL-P-14067A)  14.0 
Magnesium  125*  (MIL-P-14067A)  14.0 
Magnesium  200*  (MIL-P-14067A)  14.0 


41,200  candle -seconds/gram 


*  Partial  Smoke  Obscuration 
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VS.  AMTHACT 

^Techniques  and  castable  foraulcticns  — pa  developed  that  produos  lsrfnws  effidan- 
else  bat— n  12,000  and  16,000  oandla  ssconda/grra;  no  rlia— tar  affect  mss  apjSUnt 
in  tits  range  of  1.5  to  1.96  inti—.  The  early  aaparl— ital  effort  tit  thS  UBS  Of 
coapounded  polyaatars  and  uratiunes  was  discontinued  in  favor  of  the  use  of 
glycidyl  ■othacrylate  and  eUrilar  vinyl  —era.  This  class  of  Sene— r  gives  the 
desired  solvation  of  the  perchlorate  (with  oonocsdtant  increase  in  vlsooslty  of 
the  binder  for  ieproved  particle  wetting)  and  a  oontrolled  a—thma  in  large  die- 
ratter  castings.  Final  physical  properties  are  attained  after  21-hour  post-cure. 

The  use  of  aodiue  perchlorate  in  lieu  of  the  insoluble  eodius  nitrate  yielded  a 
casting  slurry  of  lower  viscosity  at  constant  binder  percentage  the  uaa  of  sadiita 
nitrate  was  therefore  disoontinuad.  The  use  of  a  triaodal  distribution  of  aag» 
nasiisi  uaprowo  casting  aasa  at  the  16  percent  blister  la-1.  **  , 

Early  progr—  effort  oonoarrtreted  on  the  use  of  kraft  paper  oases  in  order  tb  sia- 
ulate  standard  flare  harduara*  The  raoognized  "tunnel  effect"  reduced  the  luai- 
nenoe  values  obtained  and  aaakad  dlffersnoee  attributable  to  the  binder  type  and 
content.  Ccapositicn  efficiencies  wars  than  obtained  on  trm  standing  gra  nt,  dis¬ 
place— it  oast  and  the  cylindrical  surfaces  inhibited.  The  progr— has  draco 
atratad  the  feasibility  of  oast  illiadnating  flares  based  on  uaa  re lal  sertsrials/ ' 
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U  tba  NfM  bat  basa  htbaM  ta  lb*  Office  af  Taab-ieal 
'bnbtt,  IftMaaf  af  Caraaarra.  tar  aala  to  tba  pyblic,  bait 
cat#  Ufa  fart  aaP  aatar  tba  priest  Ultaaa 
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11  VOmCMNO  WUTAIty  ACTIVITY  Kalar  tba  mm»  af 
tba  fymataitl  ptajact  afEca  ar  labwaM  apaaatrlag  fyaf 
l»g  tor)  tba  taaaarab  at!  Parol spatsM  laclaPo  a  4  At  a  a. 


OCKUKATOat'f  BEFOftT  NUMBOKO  Eatar  tba  afO- 
rapart  traabar  by  trblcb  tba  Pacapttwt  arUl  ba  iPoatlflaP 
coawllal  by  tba  artflaatlag  activity.  Tbla  taabtr  Mat 
ialft»  la  tbla  rapart. 

OT HEX  REPORT  NUIOIKX*):  U  tba  raport  haa  baaa 
paalpaaP  aay  atbar  rapart  aMbars  (affAar  by  (Aa  orlptnaSar 
•r  by  (At  aytatwX  alao  aatar  tWa  aaatbar(a). 

10.  AVAlLABIUTY/UMrrATION  NOTICEO  Eatar  aay  U» 
batiaaa  aa  (art bar  PisaaMaatiaa  pf  tba  rapart.  atbPr  tbaa  tba 


IS.  AWTBACTi  BaWr  aa  abstract  «Wia«  a  brirf  aaP  factaal 
airatiy  af  tba  Ircaarat  k.  ,cdlro  *(  tba  rapart.  araa  tbaagb 
it  aay  a  laa  appaar  alaaabara  la  tba  bo4y  af  tba  tacbaleal  ra¬ 
part.  M  aPPlUaaal  apaaa  la  ta  pa  Ira  A  a  caaUaaatlaa  abaat  abal) 
ba  aflacbaP. 

It  la  klAilf  Pee  liable  ft  at  tba  aba  tract  of  claaetflatf  rapatbt 
ba  aoclasalArP.  Back  pair  graph  af  tba  aba  tract  aball  aad  with 
aa  laPieatlea  af  tba  Military  aacarlty  cl-aeiOoatiaa  af  tba  la- 
fatMtloa  la  tba  paragrayA,  rapraaaataf  aa  (Tt).  (»).  (C),  or  (V). 

Tbara  ta  aa  UaUtattaa  aa  tba  leactb  af  tba  a br tract.  Hew- 
riw,  tfca  laypattf  taagtb  la  Dm  ISO  to  22S  warfa 


tad.  Tba  aaatgnaiaal  af  I  taka.  «*<m,  aad  walpbts  la  optioaaJ. 


14.  SET  WORD*.  Eay  warPe  ara  tacbalcally  ■aaalapftil  am 
ar  abart  pbraaaa  that  cbaractarlaa  a  rapart  aM  say  ba  aasP  as 
labi  aaMftaa  for  catalogiap  tba  rapart  Kay  aorfa  Mat  ba 
aalactaP  aa  Swl  ao  sacaHty  classification  la  rspaliaP.  Ifnf- 
data,  aacb  aa  sqatpwaat  ar4atftalpitMk,  *«aPa  mmm.  w'lrtary 
Project  caPa  aaata.  ■aayrapblc  'ocatioa.  My  b#  mm  My 
warPa  bat  will  ba  follows*  by  aa  laPicatioa  of  tacbaleal  caw- 


